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3D Printhead Calibration Based on Dimensional Data of Printed Parts

Abstract: Misalignment of stacked printheads in a 3D (additive manufacturing) printer is
detected using the same dimensional measurements of printed parts obtained during a
typical dimensional calibration process.
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This disclosure relates to the field of 3D printing.
A technique is disclosed that detects misaligned printheads using the same dimensional
measurements obtained during a typical dimensional calibration process.
One concern in 3D printing, in functional prototypes, and in final parts is the accuracy of
printed parts. In 3D printers that use stacked printheads, the alignment of the various
printheads affects part accuracy, because small errors in alignment of individual
printheads can cause non-negligible accuracy errors in the printed parts.
Almost all printhead-based 3D printers have some kind of manual, semiautomatic, or
automatic process to align the printheads as part of printer setup. These calibrations are
normally based on printing patterns on a white paper that will be used to detect straight
line discontinuities.
In the context of the 3D printer using printheads, a printhead-to-printhead alignment
plane is defined as an infinite plane which intersects with the printhead-to-printhead
alignment point, and with a normal that is perpendicular to the direction of printing
material ejection. As part of a typical dimensional calibration, some of the measured
parts will intersect the printhead-to-printhead alignment plane, and some other parts
won’t cross it.
These calibrations are good enough for general applications, but fall short for achieving
manufacturing-level dimensional tolerances because the calibration data is not obtained
from a real job but rather from a short and cold process. As a result, the printheads are
not dilated, the printing material is moving at a different velocity, and the like.
According to the present disclosure, an algorithm ingests the metrology data of the
calibration parts, detects which measures are intersecting with the printhead-to-printhead
alignment places, and calculates the actual printhead misalignment by comparing the
error distributions of the measures.
If the system does not have enough information to know which measures intersects the
printhead-to-printhead alignment planes (position of the parts, direction of the
measurements, position of the pen to pen alignment planes, etc.), it can delegate to the
user the classification of the measurements.
The algorithm is as follows:
1. Ingest measurements of the calibration parts.
2. Detect which measurements intersect the printhead-to-printhead alignment plane (or
ask the user to input this information)
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3. Decompose each dimension in X, Y, Z and keep only the component that is
perpendicular to the printhead-to-printhead alignment plane
4. Split the measurements into two categories: intersecting and non-intersecting
5. Perform a statistical analysis on both distributions. If the two distributions are
statistically different and form compacted clusters, the algorithm detects that the
printheads are misaligned
6. Report the average difference between the two distributions so that the user can modify
the printhead alignment accordingly.
The disclosed technique advantageously detects misaligned printheads by detecting the
shift in the dimensional error distributions due to printing with misaligned printheads. It
calibrates using measurements obtained from a printed job, thus calibrating the printheads
using steady-state data. The technique avoids the use of any hardware-specific profile to
correct printhead alignment errors, since this won’t be reproducible after replacing the
printheads.
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